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Abstract 
Retrieval organization is the extent to which information is systematically organized during 
retrieval, and it is a mechanism that possibly contributes to two different memory phenomena: 
hypermnesia (i.e. the increase in net recall across successive retrieval attempts) and the testing 
effect (i.e. the superior memory performance produced by retrieval practice compared to 
restudying). While prior research has demonstrated that retrieval itself is resilient to the 
deleterious effects of divided attention (DA), little, if any, research has examined the effect of 
DA on retrieval organization, hypermnesia, or the testing effect in free recall. Thus, to address 
this issue, the current study combined the typical testing effect experiment with a divided 
attention manipulation during the restudy/retrieval phase. Participants first studied two lists of 
categorized words (phase 1) and then restudied one list and retrieved the other list over five 
successive attempts each, with restudy/retrieval occurring under either full attention (FA) or 
divided attention (DA) (phase 2). After a retention-interval of two days, the participants then 
completed the final free recall test (phase 3). The results from phase 2 revealed that both net 
recall and retrieval organization increased across successive attempts and that both hypermnesia 
and retrieval organization were resilient to DA. Thus, the results support the hypothesis that 
retrieval organization contributes to hypermnesia. Furthermore, the results from phase 3 revealed 
that the testing effect was larger in the DA condition than in the FA condition, suggesting that 
the encoding effects of free recall are also resilient to DA. However, as retrieval organization 
was equivalent across the restudy and retrieval conditions, these results do not support the 
hypothesis that retrieval organization contributes to the testing effect in free recall.   
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Effect of Attention on Hypermnesia and the Testing Effect 
 Hypermnesia is the phenomenon in which the amount of information recalled increases 
over the course of repeated recall attempts. In the typical hypermnesia experiment, participants 
first study a series of materials (e.g., a word list) and then repeatedly recall those materials over 
multiple memory tests. Usually, some items that were not recalled on an earlier test are recalled 
on a later test (item gains), and some items that were recalled on an earlier test are not recalled 
on a later test (item losses). Hypermnesia occurs when item gains exceed item losses (i.e. the net 
number of items recalled increases over repeated recall attempts), whereas net forgetting occurs 
when item losses exceed item gains (see Payne, 1987; Erdelyi, 2010 for reviews). Hypermnesia 
has been observed with a variety of study materials, including pictures (Erdelyi & Becker, 1974), 
words (Payne, 1986), and details of witnessed events (Scrivner & Safer, 1988). 
 One important issue regarding hypermnesia is whether it depends on the act of repeatedly 
recalling information over multiple tests or whether it results simply from the greater retrieval 
time provided by multiple tests compared to a single test. In one study of this issue (Roediger & 
Thorpe, 1978), participants learned a set of materials and then proceeded to recall those materials 
over the course of either one 21-minute test or three 7-minute tests. The results showed that, even 
though net recall increased across tests in the multiple test condition, the multiple tests produced 
the same level of cumulative recall as the single long test of equal total duration (i.e. the same 
number of unique items were recalled by the end of the multiple tests as by the end of the single 
test). These results suggest that hypermnesia can be explained by total retrieval time rather than 
by repeated recall and that multiple recall tests are functionally equivalent to a single recall test 
of equal total length (Roediger & Thorpe, 1978). 
 The results of the Roediger and Thorpe (1978) study are important supporting evidence 
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for the cumulative recall hypothesis, one influential account of hypermnesia. According to this 
theory, hypermnesia can be explained by the relationship between cumulative recall level and 
retrieval time. Specifically, if the amount of retrieval time given during an initial recall test is not 
enough for cumulative recall to reach its asymptotic level, then giving additional retrieval time 
through multiple recall tests should allow for recall of further items (item gains), thus producing 
hypermnesia. This theory assumes that the relationship between cumulative recall level and 
retrieval time is the same for multiple recall tests as it is for a single recall test of equal total 
length (Roediger & Challis, 1989). 
 However, later research challenged the assumptions of the cumulative recall hypothesis 
by demonstrating that there are functional differences between multiple recall tests and a single 
recall test of equal total length (Mulligan, 2005; Mulligan, 2006). In one study (Mulligan, 2005), 
participants learned a set of materials and then proceeded to recall those materials over the 
course of either multiple recall tests or a single recall test of equal total length. Participants then 
took a final recall test after a two-day delay. The results showed that, compared to the single test 
condition, the multiple test condition produced higher levels of recall, lower levels of forgetting, 
and fewer item losses on the delayed, final recall test. Another study (Mulligan, 2006), showed 
that, when multiple recall tests were separated by filled intervals, they produced higher levels of 
cumulative recall than a single recall test of equal total length, possibly because the intervals 
reduced the output interference created by repeated recall attempts.  
 Research relating hypermnesia to the generation effect elucidated another possible causal 
mechanism for hypermnesia: the effect of repeated recall on retrieval organization (Mulligan, 
2001). The generation effect is the phenomenon in which self-generation of verbal materials (i.e. 
from an antonym or other semantically associated cue word) leads to better memory for those 
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materials than simply reading them does (Slamecka & Graf, 1978). One study (Mulligan, 2001) 
demonstrated that generation, but not reading, consistently produced hypermnestic recall across 
repeated tests. Furthermore, when the study words were categorically-related, the results showed 
that, not only did generation produce greater category clustering and fewer item losses than 
reading did, but also category clustering increased and item losses decreased across recall tests. 
Category clustering is a measure of retrieval organization that assesses the degree to which 
categorically-related items are grouped together during retrieval (Bousfield, 1953). Thus, these 
results suggest that conditions that produce greater retrieval organization, such as generation 
with related words and repeated recall, may also produce fewer item losses, thus leading to 
hypermnesia (Mulligan, 2001).  
 Another memory phenomenon that might be explained by the effect of repeated recall on 
retrieval organization is the testing effect, in which retrieving material from memory produces 
superior performance on a later memory test than restudying the material does (Roediger & 
Karpicke, 2006). The typical testing effect study consists of three phases. During phase 1, 
participants study a set of materials (e.g., a word list) in preparation for a later memory test. 
Next, during phase 2, participants either restudy the materials or engage in retrieval practice for 
the materials. Finally, during phase 3, participants take a final memory test, and results typically 
show that, compared to restudying, retrieval practice produces better memory performance (i.e. 
the testing effect) (see Roediger & Karpicke, 2006; Roediger & Butler, 2011 for reviews). 
 However, research has shown that certain conditions produce a negative testing effect, in 
which restudying produces better performance on a final memory test than retrieval practice 
does. One study (Wheeler, Ewers, & Buonanno, 2003) demonstrated an interaction between 
learning method (i.e. restudying versus retrieval practice) and the delay between learning and the 
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final memory test. Specifically, after a short delay of 5 minutes, restudying produced superior 
performance on the final recall test than retrieval practice did. However, after a long delay of 7 
days, the pattern reversed, and retrieval practice produced superior performance on the final 
recall test than restudying did. 
 One possible explanation for the aforementioned interaction lies in the different types of 
retrieval organization produced by restudying and retrieval, respectively (Zaromb & Roediger, 
2010; Congleton & Rajaram, 2012). One study (Zaromb & Roediger, 2010) demonstrated that, 
compared to restudying, retrieval practice produced both greater recall and greater retrieval 
organization on a delayed, final recall test. The authors proposed that the testing effect occurs on 
delayed recall tests because retrieval practice enhances retrieval organization, which aids recall. 
Another study (Congleton & Rajaram, 2012) showed that restudying produced weak retrieval 
organization that eroded across an extended delay, while retrieval produced a robust retrieval 
organization that remained stable across a long delay. The authors proposed that these qualitative 
differences in retrieval organization may explain why retrieval outperforms restudying on 
delayed recall tests. 
 Of interest for the present study is the effect of attention on the retrieval organization that 
appears to underlie both hypermnesia and the testing effect. Previous research on the effect of 
attention on memory has typically compared a full attention (FA) condition, in which encoding 
of the study materials is the sole focus of attention, to a divided attention (DA) condition, in 
which attention is divided between encoding and a secondary task. The results of these studies 
usually show that, compared to full attention, divided attention during encoding produces 
substantially worse performance on a later memory test (see Mulligan, 2008 for a review).  
 However, research on the effect of divided attention during retrieval on later memory 
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(Craik, Govoni, Naveh-Benjamin, & Anderson, 1996), has shown a very different pattern of 
results than those seen when attention is divided during encoding. Specifically, divided attention 
during retrieval had a small or even negligible negative impact on later memory performance but 
a substantial negative impact on secondary task performance. These results suggest that retrieval, 
while requiring attention, may be protected against the detrimental effects of divided attention at 
the expense of performance on the secondary task (Craik et al., 1996). 
 Research on the effect of attention on the testing effect (Mulligan & Picklesimer, 2016) 
has suggested that the encoding effects of retrieval, like retrieval itself, may be resilient to the 
negative impacts of divided attention. Specifically, in the restudy condition, divided attention 
during encoding had a substantial deleterious effect on performance on the final recall test. In 
contrast, in the retrieval condition, divided attention had little negative effect on final recall. 
Therefore, the testing effect was larger in the divided attention condition than in the full attention 
condition (Mulligan & Picklesimer, 2016).  
 However, Mulligan and Picklesimer (2016) used cued recall rather than free recall for 
both their retrieval practice and their final recall test. Because the order of the cues and not the 
participants themselves determines the order in which items are recalled, it is not possible to 
assess participants’ retrieval organization using a cued recall task. Furthermore, cued recall and 
free recall rely on different types of relational processing, with cued recall relying heavily on 
cue-target relational processing (i.e. relational processing between a cue and its target) and free 
recall relying heavily on intertarget relational processing (i.e. relational processing between 
different target items) (Hirshman & Bjork, 1988; Mulligan, 2001). Research has also shown that 
cued recall and free recall are differentially impacted by divided attention; specifically, divided 
attention during free recall results in greater costs to both memory performance and secondary 
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task performance than divided attention during cued recall does (Craik et al., 1996). Therefore, 
the encoding consequences of retrieval may differ across these two types of recall.  
 Thus, this study investigated an issue that has not been addressed by prior research on 
hypermnesia and the testing effect: how does attention affect the retrieval organization that 
appears to underlie both of these memory phenomena? To answer this question, this study used a 
modified version of the typical testing effect experiment (Roediger & Karpicke, 2006; Roediger 
& Butler, 2011), incorporating a divided attention manipulation into the restudy/retrieval phase. 
Critically, both the retrieval practice and the final, delayed recall test consisted of free recall, and 
retrieval organization was assessed via category clustering for both the retrieval practice and the 
final memory test.  
 Because prior research has shown that both retrieval itself and the encoding effects of at 
least one type of retrieval (cued recall) are resilient to the deleterious effects of divided attention 
(Craik et al., 1996; Mulligan & Picklesimer, 2016), it is possible that retrieval organization will 
be similarly resilient. Furthermore, because retrieval organization appears to underlie both 
hypermnesia (Mulligan, 2001) and the testing effect (Zaromb & Roediger, 2010; Congleton & 
Rajaram, 2012), if it is resilient to divided attention, then both hypermnesia and the testing effect 
in free recall should be as well. However, because free recall is more vulnerable to divided 
attention than other forms of retrieval are (Craik et al., 1996) and the imposition of retrieval 
organization is an effortful process (Zaromb & Roediger, 2010; Congleton & Rajaram, 2012), 
retrieval organization may still be vulnerable to divided attention. In such a case, hypermnesia 
and the testing effect in free recall may also be reduced by divided attention. 
Method 
Participants 
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 Fifty-two undergraduate students from the University of North Carolina at Chapel Hill 
participated in exchange for credit in an introductory psychology course. However, eight of the 
participants were excluded from the data analysis because they failed to return for the second day 
of the study. Thus, the final sample was comprised of forty-four participants.  
Design and Materials 
 Learning method (restudy vs. retrieval) was manipulated within subjects, while attention 
during learning (full vs. divided) was manipulated between subjects. The study materials were 
comprised of sixty categorized words divided into two lists of thirty words (list 1 and list 2); 
each list contained five exemplars from each of six different categories (Van Overschelde, 
Rawson, & Dunlosky, 2004). For example, the category “fruit” contained the exemplars “lemon” 
and “apple.” On average, the words were about five letters long (M = 4.87) and common in 
frequency (frequency greater than 30; M = 79.12; Balota et al., 2007). Furthermore, the average 
proportion at which the words were named as category exemplars was M = 0.58 (SD = 0.31; 
Range = 0.06 to 1.0), and the average category rank (output position) of the words was M = 3.96 
(SD = 1.60; Range = 1.3 to 7.1; Van Overschelde et al., 2004). Though the lists were always 
presented in the same order (i.e. for each participant, list 1 was presented before list 2), the lists 
were counterbalanced across learning methods such that each list appeared equally often in the 
restudy condition as in the retrieval condition. 
Procedure 
 The experiment had three main phases. Phase 1 and phase 2 each occurred twice—once 
for each study list—while phase 3 occurred only once. The study began with the first phase 1, 
during which the participants studied list 1. The words were presented on a computer screen in a 
pseudo-random order, with the constraint that any two words from the same category had to be 
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separated by at least two other words. Each study trial consisted of a blank screen presented for 
250 ms followed by the word presented for 4500 ms. The participants were instructed to try to 
memorize each word in preparation for a later memory test. Additionally, the participants were 
instructed to rate the pleasantness of each word, pressing the “1” key for “unpleasant,” the “2” 
key for “neutral,” or the “3” key for “pleasant.”  
 Next, during the first phase 2, participants were re-exposed to the words from list 1. 
Depending on the condition, participants either restudied or retrieved the words during this 
phase. In the restudy condition, the participants were given five opportunities to restudy all of the 
words from list 1. For each of five restudy blocks, the words were presented in a new pseudo-
random order, with each study trial consisting of a blank screen presented for 250 ms followed 
by the word presented for 4500 ms. The participants were instructed to read each word aloud and 
try to memorize the word for the later memory test. In the retrieval condition, the participants 
were given five opportunities to practice free recall of the words. For each of five retrieval 
blocks, the participants had 135 s to recall aloud as many words as they could from the list they 
had just studied. Furthermore, the participants were instructed to say the words in the order in 
which they were remembered. No feedback was given on the success of the attempts. During 
each block, the words that the participants recalled were recorded to assist with scoring later on. 
 In the full attention (FA) condition, the participants focused solely on the primary task of 
either restudying or retrieving the words. In the divided attention (DA) condition, the participants 
restudied or retrieved the words while simultaneously engaging in a continuous digit task. For 
this secondary task, the participants heard a series of digits presented over headphones and were 
instructed to classify each digit as even or odd by pressing the “E” or “O” key, respectively. In 
the restudy condition, three digits were played during the presentation of each word; the first 
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digit was presented just as the word itself was presented, and subsequent digits were presented at 
a rate of one every 1500 ms. In the retrieval condition, the first digit was presented just as each 
retrieval block began, and subsequent digits were presented at a rate of one every 1500 ms. 
Furthermore, participants in the retrieval condition were instructed to continue with the digit task 
even after recalling all the words that they thought they could remember.  
 After the first phase 2, the participants engaged in a distractor task for two minutes, 
during which they solved math problems on a sheet of paper. Next, the participants completed 
the second phase 1. The second phase 1 had the same procedure as the first phase 1, with the 
exception that the participants now studied list 2 as opposed to list 1.  
 Next, during the second phase 2, the participants were re-exposed to the words from list 
2. During this part, participants who were in the restudy condition during the first phase 2 were 
now in the retrieval condition, and participants who were in the retrieval condition during the 
first phase 2 were now in the restudy condition. The procedures for the restudy and retrieval 
conditions were the same as in the first phase 2, with the exceptions that participants were now 
practicing list 2 as opposed to list 1 and, in the retrieval condition, special emphasis was placed 
on recalling words only from the most recent list that the participants had seen (i.e. list 2). The 
procedures for the FA and DA conditions were also the same as in the first phase 2. Participants 
in the FA condition in the first phase 2 were still in the FA condition in the second phase 2 and 
likewise for participants in the DA condition.   
 After the second phase 2, the participants were dismissed and instructed to return two 
days later to take the final free recall test (phase 3). During phase 3, the participants were given 
five minutes to write down as many words as they could recall from either of the two lists that 
they had studied during phases 1 and 2.  
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Results 
Phase 2 Recall and Clustering. Table 1 presents the phase 2 recall scores (i.e. the 
proportion of words correctly recalled during phase 2). The phase 2 recall scores were analyzed 
with a mixed 5 x 2 ANOVA, with retrieval attempt (first through fifth) as a within-subjects 
factor and attention during phase 2 (full vs. divided) as a between-subjects factor (Figure 1). 
There was a main effect of retrieval attempt, F(4, 168) = 4.662, MSe = .004, p = .001, h2p = .100, 
indicating that the proportion of words correctly recalled increased across successive retrieval 
attempts (i.e. there was hypermnesia). However, there was no main effect of attention during 
phase 2, F(1, 42) = 1.571, MSe = .119, p = .217. In addition, there was no significant interaction 
between retrieval attempt and attention during phase 2, F(4, 168) = .036, MSe = .004, p = .997.  
During phase 2, retrieval organization was assessed using two measures: the adjusted 
ratio of clustering (ARC) and the modified ratio of repetition (MRR). Both of these measures 
quantify the amount of category clustering that occurs during free recall, which is the most 
pertinent form of retrieval organization in this study given the use of categorically-related study 
words (Roenker, Thompson, & Brown, 1971). Thus, because ARC and MRR both assess the 
same construct, they should, ideally, produce the same overall pattern of results. 
 The phase 2 ARC scores are presented in Table 2. Furthermore, the phase 2 ARC scores 
were analyzed with a mixed 5 x 2 ANOVA, with retrieval attempt (first through fifth) as a 
within-subjects factor and attention during phase 2 (full vs. divided) as a between-subjects factor 
(Figure 2). There was a main effect of retrieval attempt, F(4, 168) = 14.477, MSe = .032, p < 
.001, h2p = .256, indicating that ARC scores increased across successive retrieval attempts. 
However, there was no main effect of attention during phase 2, F(1, 42) = .024, MSe = .334, p = 
.877. In addition, there was no significant interaction between retrieval attempt and attention 
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during phase 2, F(4, 168) = .642, MSe = .032, p = .633. 
 The phase 2 MRR scores are presented in Table 3. Furthermore, the phase 2 MRR scores 
were analyzed with a mixed 5 x 2 ANOVA, with retrieval attempt (first through fifth) as a 
within-subjects factor and attention during phase 2 (full vs. divided) as a between-subjects factor 
(Figure 3). There was a main effect of retrieval attempt, F(4, 168) = 14.504, MSe = .017, p < 
.001, h2p = .257, indicating that MRR scores increased across successive retrieval attempts. 
However, there was no main effect of attention during phase 2, F(1, 42) = .082, MSe = .178, p = 
.776. In addition, there was no significant interaction between retrieval attempt and attention 
during phase 2, F(4, 168) = .648, MSe = .017, p = .629. 
 Phase 2 Secondary Task Performance. The accuracies on the secondary task (i.e. the 
proportion of correct odd-even classifications) are presented in Table 4, while the median 
reaction times (ms) on the secondary task are presented in Table 5. Furthermore, both the 
accuracies and the median reaction times were analyzed with 5 x 2 ANOVAs, with both attempt 
(first through fifth) and learning condition (restudy vs. retrieval) as within-subjects factors.   
 With respect to the accuracies, there was a main effect of attempt, F(4, 76) = 9.135, MSe 
= .008, p < .001, h2p = .325, indicating that accuracy increased across successive attempts. 
However, there was no main effect of learning condition, F(1, 19) = 3.132, MSe = .024, p = .093. 
In addition, there was no significant interaction between attempt and learning condition, F(4, 76) 
= 1.423, MSe = .006, p = .235. 
 With respect to the median reaction times, there was a main effect of attempt, F(4, 76) = 
4.433, MSe = 3670.495, p = .003, h2p = .189, indicating that median reaction times decreased 
across successive attempts. However, there was no main effect of learning condition, F(1, 19) = 
.541, MSe = 9890.133, p = .471. In addition, there was no significant interaction between attempt 
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and learning condition, F(4, 76) = 1.788, MSe = 3329.849, p = .140. 
 Phase 3 Recall and Clustering. The proportion of words correctly recalled on the final 
recall test (phase 3) was analyzed in two forms: unconditionalized and conditionalized. When 
unconditionalized, the recall scores for both the restudy condition and retrieval condition 
consisted of the number of words recalled from that condition during phase 3 divided by the total 
number of words presented in that condition during phase 2 (i.e. 30). Though simpler, this 
measure of recall introduces a confound by advantaging the restudy condition over the retrieval 
condition. While each word in the restudy condition is re-experienced five times, words in the 
retrieval condition are re-experienced only as many times as they can successfully be recalled, 
with many words never being successfully recalled even once. Thus, the unconditionalized 
scores may underestimate the encoding effects of retrieval and the size of the testing effect. 
 In contrast, the conditionalized recall scores remove the re-experience advantage of the 
restudy condition by taking into account performance during phase 2 retrieval. Specifically, the 
conditionalized recall scores for the restudy condition are calculated in the same way as the 
unconditionalized recall scores: the number of words recalled from that condition during phase 3 
is divided by the total number of words presented in that condition during phase 2 (i.e. 30). In 
contrast, the conditionalized recall scores for the retrieval condition are calculated by dividing 
the number of words recalled from that condition during both phase 2 and phase 3 by the number 
of words recalled from that condition at least once during phase 2. Though this measure of recall 
removes the re-experience confound, it introduces a different confound by advantaging the 
retrieval condition over the restudy condition. While recall scores in the restudy condition take 
into account the entire list, recall scores in the retrieval condition take into account only the 
subset of words that were successfully recalled at least once during phase 2, which may differ in 
ATTENTION, HYPERMNESIA, AND THE TESTING EFFECT 16 
important ways from the words that were not recalled (e.g., the words that were recalled at least 
once during phase 2 may be easier to recall on average). Therefore, the conditionalized scores 
may overestimate the encoding effects of retrieval and the size of the testing effect.  
 Thus, because neither measure is ideal, both the unconditionalized scores and the 
conditonalized scores will be reported for phase 3 recall. If both measures produce the same 
overall pattern of results, then one can be more confident that the results present an accurate 
assessment of the testing effect. 
 The unconditionalized final recall scores are presented in Table 6. Furthermore, the 
unconditionalized final recall scores were analyzed with a mixed 2 x 2 ANOVA, with attention 
during phase 2 (full vs. divided) as a between-subjects factor and learning condition (restudy vs. 
retrieval) as a within-subjects factor (Figure 4). There was a main effect of attention during phase 
2, F(1, 42) = 5.919, MSe = .049, p = .019, h2p = .124, indicating that recall was greater in the FA 
condition than in the DA condition. There was no main effect of learning condition, F(1, 42) = 
.630, MSe = .027, p = .432. Finally, there was a significant interaction between attention during 
phase 2 and learning condition, F(1, 42) = 7.099, MSe = .027, p = .011, h2p = .145. Follow-up t-
tests revealed that, while DA resulted in lower recall than FA did in the restudy condition, t(42) 
= 3.433, p .001, d = 1.043, attention during phase 2 did not affect recall in the retrieval condition, 
t(42) = .386, p = .701. Furthermore, while restudy resulted in greater recall than retrieval did in 
the FA condition, t(22) = 2.550, p = .018, d = .532, restudy and retrieval resulted in equivalent 
levels of recall in the DA condition, t(20) = 1.268, p = .219. 
 The conditionalized final recall scores are presented in Table 7. Furthermore, the 
conditionalized final recall scores were analyzed with a mixed 2 x 2 ANOVA, with attention 
during phase 2 (full vs. divided) as a between-subjects factor and learning condition (restudy vs. 
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retrieval) as a within-subjects factor (Figure 5). There was a main effect of attention during phase 
2, F(1, 42) = 4.156, MSe = .050, p = .048, h2p = .090, indicating that recall was greater in the FA 
condition than in the DA condition. In addition, there was a main effect of learning condition, 
F(1, 42) = 43.521, MSe = .033, p < .001, h2p = .509, indicating that recall was greater in the 
retrieval condition than in the restudy condition (i.e. the testing effect). Finally, there was a 
significant interaction between attention during phase 2 and learning condition, F(1, 42) = 7.984, 
MSe = .033, p = .007, h2p = .160. Follow-up t-tests revealed that, while DA resulted in lower 
recall than FA did in the restudy condition, t(42) = 3.433, p = .001, d = 1.043, attention during 
phase 2 did not affect recall in the retrieval condition, t(42) = -.197, p = .845. Furthermore, while 
retrieval resulted in greater recall than restudy did in both the FA condition, t(22) = 2.441, p = 
.023, d = .510, and the DA condition, t(20) = 7.656, p < .001, d = 1.672, the testing effect was 
larger in the DA condition.  
 Because different study lists were used in the restudy and retrieval conditions, ARC 
scores could not be calculated for phase 3, and only MRR scores were considered. However, 
given that the ARC scores and MRR scores produced the same overall pattern of results in phase 
2, it is likely that the MRR scores alone will still produce an accurate assessment of phase 3 
retrieval organization.  
 The phase 3 MRR scores are presented in Table 8. Furthermore, the phase 3 MRR scores 
were analyzed with a mixed 2 x 2 ANOVA, with attention during phase 2 (full vs. divided) as a 
between-subjects factor and learning condition (restudy vs. retrieval) as a within-subjects factor 
(Figure 6). There were no significant main effects or interaction, all Fs < 1.590, ps > .05. 
Discussion 
 The present study assessed the effect of DA on retrieval organization, hypermnesia, and 
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the testing effect. Specifically, this study investigated two questions: (1) are these three memory 
phenomena vulnerable to the deleterious effects of DA, and (2) does retrieval organization 
contribute to hypermnesia and the testing effect in free recall?   
 The results of phase 2 retrieval replicated the standard pattern observed in prior studies of 
hypermnesia (e.g., Mulligan, 2005; Mulligan 2006), as net recall of the target words increased 
across successive retrieval attempts. In addition, analysis of the phase 2 ARC scores and MRR 
scores revealed that retrieval organization followed the same pattern, with both measures of 
category clustering increasing with repeated retrieval attempts. Thus, the results with respect to 
retrieval organization are also consistent with prior research (e.g., Mulligan, 2001; Zaromb & 
Roediger, 2010). Furthermore, the finding that both net recall and retrieval organization 
increased across the retrieval attempts lends support to the hypothesis that retrieval organization 
contributes to hypermnesia (Mulligan, 2001). Nevertheless, it is important to note that the 
methods of this study do not allow for the determination of a causal link between the two.  
 The phase 2 results also revealed that both retrieval and retrieval organization were 
resilient to the deleterious effects of DA, as there was no significant difference between the DA 
and FA conditions in recall, ARC scores, or MRR scores. Furthermore, the lack of an interaction 
between retrieval attempt and attention on phase 2 recall indicated that hypermnesia was also 
unaffected by DA. 
The lack of an effect of DA on the success of phase 2 retrieval seemingly contradicts 
prior research showing that DA reliably reduces free recall performance relative to FA (Craik et 
al., 1996). To explain this discrepancy, one might call into question the effectiveness of the 
secondary digit task as an attention manipulation. However, the accuracies on the secondary task 
were above chance level, suggesting that at least some attention was devoted to it. 
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Nevertheless, it is still possible that this manipulation did not successfully divide 
attention between retrieval and digit classification, as participants may have strategically allotted 
their attention to one task over the other at different times throughout retrieval. Specifically, 
recall did not occur at a consistent rate throughout each retrieval attempt, with the majority of 
words being recalled during the first 30 seconds of each allotted time period. Thus, it is possible 
that, at the beginning of each retrieval attempt, participants prioritized recalling the target words 
and responded to the secondary task with random key presses. However, once they reached the 
point at which they felt they could no longer recall any new words, the participants may have 
switched their attention to the secondary task, leading to more accurate digit classifications. 
Thus, while the participants allotted some of their attention to each task, they may not have been 
dividing their attention between both tasks simultaneously. One way to quantitatively assess this 
possibility is to compare the accuracies on the secondary task between the first half and second 
half of each attempt and determine whether or not the accuracies are significantly higher in the 
second half. 
 As for the secondary task, the results revealed that performance on this task improved 
over time, as accuracy increased and median reaction times decreased across successive 
attempts. However, the accuracies and median reaction times did not significantly differ between 
the restudy and retrieval conditions, a finding that stands in contrast to prior research 
demonstrating greater secondary task costs in the retrieval condition compared to the restudy 
condition (Craik et al., 1996). Again, this discrepancy might be explained by strategic temporal 
shifts of attention in the retrieval condition. Specifically, if the participants focused more on 
retrieval or digit classification at different times, then such a temporal division of attention may 
have reduced the secondary task costs usually imposed by retrieval. 
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 As for the results of phase 3, analysis of the unconditionalized final recall scores did not 
reveal a testing effect, as there was no significant difference between the restudy condition and 
retrieval condition on final recall performance. Prior research has demonstrated that no testing 
effect or even a negative testing effect can be found when the retention interval between learning 
and the final test is relatively short, such as 5 minutes (Wheeler et al., 2003; Congleton & 
Rajaram, 2012). However, a retention interval of 48-hours, as was used in this study, has been 
shown to produce a robust testing effect in free recall (Zaromb & Roediger, 2010). Nevertheless, 
the unconditionalized final recall scores tend to underestimate the size of the testing effect due to 
the re-experience confound, and this confound may explain why no testing effect was observed 
using this measure.  
 Furthermore, analysis of the unconditionalized final recall scores revealed that DA had a 
deleterious effect on final recall performance relative to FA, a finding that is consistent with 
prior research (Craik et al., 1996). However, the effect of attention on final recall depended on 
learning condition. Specifically, DA had a large deleterious effect on final recall in the restudy 
condition, but it did not produce a significant effect in the retrieval condition. As a result, while 
restudy produced greater final recall than retrieval did in the FA condition (i.e. a negative testing 
effect), restudy and retrieval produced equivalent final recall in the DA condition. Therefore, it 
appears that the encoding effects of retrieval are resilient to DA, a finding that is consistent with 
prior research on the testing effect in cued-recall (Mulligan & Picklesimer, 2016).  
 Unlike the unconditionalized scores, the conditionalized final recall scores exhibited a 
positive testing effect, with the retrieval condition producing greater final recall than the restudy 
condition did. However, consistent with the results of the unconditionalized scores, DA had a 
deleterious effect on final recall relative to FA, and the effect of attention on final recall 
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depended on learning condition. Specifically, DA had a large deleterious effect on final recall in 
the restudy condition, but it did not produce a significant effect in the retrieval condition. As a 
result, while retrieval produced greater final recall than restudy did in both the FA condition and 
the DA condition, the testing effect was larger in the DA condition than in the FA condition. 
Therefore, these results again suggest that the encoding effects of retrieval are resilient to DA.  
 Consistent with the results from phase 2, analysis of the phase 3 MRR scores revealed 
that retrieval organization was resilient to DA, as the degree of category clustering was about 
equal in the DA and FA conditions. Furthermore, the results revealed that the amount of retrieval 
organization was roughly equivalent in the restudy and retrieval conditions. Thus, they do not 
support the hypothesis that greater retrieval organization contributes to the testing effect in free 
recall (Zaromb & Roediger, 2010; Congleton & Rajaram, 2012).  
The lack of an effect of learning condition on retrieval organization seemingly contradicts 
prior research demonstrating that retrieval practice produces greater retrieval organization on a 
final recall test than restudy does (Zaromb & Roediger, 2010; Congleton & Rajaram, 2012). 
However, both Zaromb and Roediger (2010) and Congleton and Rajaram (2012) used ARC to 
measure category clustering, while MRR alone was used in phase 3 of the present study. Unlike 
ARC scores, MRR scores depend on factors other than just the amount of category clustering. 
Specifically, the MRR score that represents chance clustering will vary depending on the number 
of categories from which items are recalled as well as how the recalled items are distributed 
across categories. As the aforementioned factors may vary both between and within participants, 
this flaw of the MRR scores may have confounded the comparison of the restudy and retrieval 
conditions (Roenker et al., 1971). However, as the ARC scores and MRR scores both produced 
the same overall pattern of results with respect to phase 2 retrieval organization, this particular 
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possibility seems somewhat unlikely.  
Another potential explanation for this discrepancy in results stems from the use of a 
between-subjects manipulation for learning condition in the prior research (Zaromb & Roediger, 
2010; Congleton & Rajaram, 2012). Using such a manipulation, it is likely that the categorical 
relationships among the words are salient to participants in the retrieval condition, since free 
recall relies heavily on the use of intertarget relational information (Mullingan, 2001). However, 
these categorical relationships are likely less salient to participants in the restudy condition, since 
the words are presented and studied in a random order. Thus, on the final recall test, participants 
in the restudy condition may simply be less likely to apply a category-based retrieval strategy 
than participants in the retrieval condition are. As a result, the amount of category clustering on 
the final test would be lower in the restudy condition than in the retrieval condition.   
In contrast, when learning condition is manipulated within-subjects, such as in this study, 
all of the participants will have practice in retrieving one of the lists, which could increase their 
awareness of the categorical structure of both lists. Thus, on the final recall test, the participants 
may apply a category-based retrieval strategy to the restudy list as well as the retrieval list, which 
could result in comparable levels of category clustering in both learning conditions. Therefore, 
the difference in category clustering between restudy and retrieval found in prior studies may 
have been due to differences in the use of category-based retrieval strategies rather than to 
differences in the processing of categorical information.  
In terms of future directions, future research may expand upon the present study by 
addressing some of the methodological concerns mentioned above. In particular, to address the 
problems with MRR scores, one might use a between-subjects design with respect to the learning 
condition manipulation. In such a case, the same list could be used in both the restudy condition 
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and retrieval condition, which would allow for the calculation of ARC scores in addition to MRR 
scores. The ARC scores may then allow for a more accurate comparison between restudy and 
retrieval with respect to retrieval organization.  
Furthermore, future studies might use a different secondary task for the attention 
manipulation, such that participants will be less likely to focus on one task over the other at 
different times in the retrieval condition. For example, the two-syllable word monitoring task 
would require the participants to listen to a series of words and then make a response whenever 
they hear three two-syllable words spoken in succession. Thus, success on this task would 
require a more continuous devotion of attention, and participants may be more likely to divide 
their attention between retrieval and the secondary task simultaneously. In addition, because the 
target items in the retrieval task are also comprised of words, this secondary task would create 
material-specific distraction, which has been shown to produce an even greater deleterious effect 
on retrieval compared to non-material specific distraction (Fernandes & Moscovitch, 2000). 
Thus, this task should be more difficult than the digit-classification task, and success on this task 
should require more attentional resources.  
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Table 1 
Descriptive Statistics for Phase 2 Recall Scores 
  Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 
Full Attention 
M 0.49 0.51 0.53 0.53 0.54 
SD 0.15 0.16 0.17 0.16 0.18 
Divided 
Attention 
M 0.44 0.45 0.48 0.47 0.48 
SD 0.15 0.16 0.16 0.18 0.15 
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Table 2 
Descriptive Statistics for Phase 2 ARC Scores 
  Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 
Full Attention 
M 0.56 0.74 0.78 0.80 0.84 
SD 0.32 0.31 0.25 0.36 0.30 
Divided 
Attention 
M 0.59 0.75 0.76 0.87 0.80 
SD 0.31 0.35 0.33 0.16 0.30 
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Table 3 
Descriptive Statistics for Phase 2 MRR Scores 
  Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 
Full Attention 
M 0.67 0.80 0.84 0.85 0.88 
SD 0.23 0.23 0.20 0.27 0.23 
Divided 
Attention 
M 0.71 0.82 0.83 0.90 0.86 
SD 0.21 0.25 0.24 0.12 0.22 
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Table 4 
Descriptive Statistics for Accuracies on Phase 2 Secondary Task 
  Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 
Restudy 
M 0.67 0.71 0.80 0.76 0.77 
SD 0.19 0.18 0.13 0.18 0.15 
Retrieval 
M 0.68 0.67 0.75 0.70 0.72 
SD 0.13 0.13 0.10 0.12 0.11 
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Table 5 
Descriptive Statistics for Median Reaction Times (ms) on Phase 2 Secondary Task 
  Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 
Restudy 
M 876 864 853 832 823 
SD 78 80 73 90 93 
Retrieval 
M 862 833 832 864 803 
SD 76 85 90 75 82 
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Table 6 
Descriptive Statistics for Unconditionalized Final Recall Scores 
  Restudy Retrieval 
Full Attention 
M 0.61 0.49 
SD 0.23 0.22 
Divided Attention 
M 0.40 0.47 
SD 0.17 0.15 
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Table 7 
Descriptive Statistics for Conditionalized Final Recall Scores 
  Restudy Retrieval 
Full Attention 
M 0.61 0.75 
SD 0.23 0.25 
Divided Attention 
M 0.40 0.77 
SD 0.17 0.16 
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Table 8 
Descriptive Statistics for Phase 3 MRR Scores 
  Restudy Retrieval 
Full Attention 
M 0.78 0.83 
SD 0.26 0.19 
Divided Attention 
M 0.76 0.84 
SD 0.21 0.19 
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Figure 1. Mean phase 2 recall scores (+/- SE) as a function of retrieval attempt and attention during phase 2. 
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Figure 2. Mean phase 2 ARC scores (+/- SE) as a function of retrieval attempt and attention during phase 2. 
  
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
Attempt 1
FA
Attempt 2
FA
Attempt  3
FA
Attempt 4
FA
Attempt 5
FA
Attempt 1
DA
Attempt 2
DA
Attempt 3
DA
Attempt 4
DA
Attempt 5
DA
M
ea
n 
AR
C 
Sc
or
e
ATTENTION, HYPERMNESIA, AND THE TESTING EFFECT 37 
 
Figure 3. Mean phase 2 MRR scores (+/- SE) as a function of retrieval attempt and attention during phase 2. 
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Figure 4. Mean unconditionalized final recall scores (+/- SE) as a function of attention during 
phase 2 and learning condition.  
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Figure 5. Mean conditionalized final recall scores (+/- SE) as a function of attention during phase 
2 and learning condition.  
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Figure 6. Mean phase 3 MRR scores (+/- SE) as a function of attention during phase 2 and 
learning condition.  
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